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I  Tho  contoaxporary  state  of  the  automatic  control  theory  axioms 

1 

f  a  xjath^atical  formulation  of  all  problems  of  comp  ley  automation  of 

|  practical  importance  and  the  modern  methods  of  computer  technique 

I  make  it  possible  to  solve  these  px-oblema .  Kowevor,  the  probiesu,  en- 
j 

{ count* rea  in  practice  are  usually  very  complex  and  in  order  to  solve 

! 

| thera  precisely  it  is  necessary  to  carry  out  a  large  number  ol  cosapu- 
!  For  example,  in  the  automatic  control  ol  xae  t  a  al  nxng 

lathes  it  is  necessary  to  convex 1  the  ae&ign  us.  to  into  the  xxu tx&X-  uu*»  « 
ta  for?  too  controlling  ser vomec hs.nl sioe  of  the  lathe,.  The  highspeed  ! 

j 

s©xaputors  which,  operate  automatically  in  scccrdaace  with,  a  pre-set  pro**  j 
kx- am 4  can  solve  very"  complex  xu  s.  snort  time#  xm  soGxtxou  < 

i 

to  numerical  calculations,  a  computer  can  also  perform  logical  opera- 


•ananjw#' 


1 


!  tions  and  stars  the  results  cf  the  opera tions  performed  previously. 

!  ‘  1 
!  Computers  suitable  for  use  in  automatic  control  systems  must 

I  ’  ; 

j  be  characterized  by  highspeed  end  high  accuracy  of  the  computations ,  • 

by  an  adequate  flexibility  of  program  control,  by  reliable  performance^ 

simplicity  and  economy  of  operation  and  finally,  such  machines  must  be 

transportable  and  easy  to  manufacture.  j 

These  requirements  can  be  satisfied  meat  completely  when  elec-  j 

♦ 

tron  network*?  constructed  of  semiconductor  devices  are  used  iu  the 

J 

t 

counting  and  control  circuits  of  a  high-speed  coiupuuer *  j 

These  circuits  usually  consist* of  combination  circuits  perform-*, 

i 

lag  the  function  cf  the  logical  element  OH,  the  coincidence  circuits  j 

i 

performing  the  function  of  the  logical  element  AMI),  anti-coincidence  ! 
circuits  performing  the  function  of  the  logical  element  HO,  and  also  . 
of  the  circuits  having  two  stable  states  performing  the  functions  of  ; 
the  arithmetic  element  which  may  be  utilized  as  the  memory  cell,  the 
I  counter  cell  or  as  the  switch  cell.  ; 

The  input  arithmetic  element  actuates  directly  or  through  an  ; 
amplifying  circuit  the  circuits  of  the  logical  elements  which  in  their  ; 

i 

turn  actuate  directly  or  through  an  amplifying  cascade  the  output.  j 
arithmetic  element.  Therefore,  an  analysis  of  the  principles  of  the  j 

l 

design  of  different  makes  of  computers  can  be  reduced  to  the  analysis  J 
of  the  interaction  of  the  electron  networks  of  which  the  counting  and 
and  the  control  circuits  are  constructed.  From  the  results  of  the  an¬ 
alysis  it  is  possible  to  form  a  conclusion  concerning  the  rate  of  the 


2 


1  opera td  reliability  &nd  amount  of  the  neces&ary  ecruipaienb?  i * ^ *  ....  | 

j .  ! 

j  is  possible  to  obtain  a  complete  idea  of  the  technical  and  eot-nojuxo 

t  - 

i  i 

|  characteristics  of  a  computer.  j 

'  with  respect  to  the  types  of  couplings*  the  computer  circuits  i 

nsay  be  divided  into  circuits  with  direct  couplings  usually  c&xled  s vat-j 

! 

!  ic  circuits,  circuits  with  inductive  and  capacitive  couplings  which  j 

[  ! 

I  ara  usually  called  dynamic  circuits,  and  f orally,  circuits  in  which  ; 
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|  ir.  computers  built  wiuh  these  circuits  there  is  used  a  large  number  ox 
oesnicondutor  trlodee.  Thus,  in  the  electronic  perforator  jjik-tw  fj.J 
about  2200  til  odes  are  used,  and  the  arithmetic  unit  for  1?  binary 
|  numbers  in  the  ccmputing  device  of  the  «TRa!BA0M  contain**  Ich^  tt-.od«s 

\f2 J. 

j  particularly  high  i?equxF©meri'ts  are  demanded  ox  wvs  xx  iCncy 

|  characteristics  of  the  semiconductor  trioues#  Thus,  for  example,  iSi 
the  electronic  perforator  TEM- 63  operating  at  the  repetition  rate  of 
50  kilocycles  per  second,  junction  triodes  with  the  maximum  frequency 
of  not  below  1000  kilocycles  per  second  were  selected,  and  in  the  caa- 
cuter  «THAHSAC»  the  triggers  of  which  can  operate  at  the  frequency  ox 


X 


1  megacycle  per  second,  sur face-barrier  trio des  designed  for  a  maximum  j 
i  frequency  of  ICO  megacycles  are  used.  ' 

In  time  the  semiconductor  trio des  change  their  characteristics 
and  therefore  their  useful  life  is  limited.  As  demonstrated  by  obser- 

! 

vatioM,,  the  life  of  geranardnni  triodes  surpasses  the  life  of  the  elec-  ? 

i  - 

tron  tubes  by  only  a  few  times. 

Thus,  computers  with  direct  couplings  based  on  the  use  of  semi- 

\  ■ 

conductor  trlodes  of  the  existing  makes  are  characterized  by  a  relet—  j 
ive^r  low  rate  of  operation,  are  insufficiently  reliable  with  respect  j 
to  performance  and  require  a  comparatively  large  amount  of  equipment.  | 

I 

Dynamic  pul3e«type  counting  and  control  circuits  are  more  com¬ 
plex  with  respect  to  their- manufacture  than  the  static  circuits.  This 

is  explained  by  the  necessity  for  adhering  to  tbe  phase  relationships  i 

i 

of  the  signals  representing  the  number  or  command  codes.  However,  the  ! 
advantage  of  the  dynamic  circuits  is  that  in  the  main,  diodes  may  be  ’ 

i 

used  in  them  and  the  triodea  can' bo  utilized  only  as  amplifiers.  Thus,; 

for  example,  in  the  computer  "T RADIO"  which  operates  at  the  frequency  j 

i 

of  1000  kilocycles  per  second.,  11,003  germanium  diodes  are  usod  and  | 
only  BOO  point-contact  triodes  7»  j 

A  computer  consists  basically  of  electron  circuits  which  realize! 
logical  operations.  The  functions  of  the  logical  circuits  consist  of 
the  transmission  of  electric  signals  in  the  directions  determined  by 
:the  control  program  of  the  machine.  Therefore,  the  networks  of  logical 
circuit  elements  must  have  small  losses.  It  is  known  that  the  elements 


U 


!  of  the  electronic  computers  ere  electric  circuits  in  which  the  , para-  j 
!  meters  can  be  switched  f  ~k  7 «  Consequently,  a  diode  may  bo  used  as 

j  the  key  in  the  logical  circuits  *  j 

i  1 

The  ser^icomuuc^r  diodes  should  De  used  in  combination  with  tfcei 

I 

|  oscillation  circuits  which  hare  a  hi#  effective  resistance  for  the  j 

pulse ‘  and  irnke  it  possible  to  transmit  pulses  with,  a  slight  attend-  j 
felon*  Under  certain  conditions ,  the  role  of  the  oscillatory  circuit  : 
!  can  be  per  font:  ed  by  the  pulse  shaping  transfer  with  a  ferrite  core 


C$J* 


As  the  studies  have  shown,  the  diode-transformer  circuits  can  j 

i 

i  operate  one  another  sufficiently  efficiently  and  do  not  require  inter-; 


mediate  amplifiers  for  each  stage.  Thus,  the  -  diode-transformer  cir-  j 

j  . 

I  cults  help  to  solve  successfully  the  basic  problem  of  the  computer 

S'  j 

j  technique  -  to  create  highly  economical  elements  which  have  an  utslia-  _ 

| 

j  ited  useful  life* 

j  A  particular  advantage  of  diode^txBnsforrner  circuits  la  that  a  ‘ 

semiconductor  device  operates  between  the  transformer  coils.  The  for¬ 


\  ih 


ward  resistance  of  a  diode  is  incoEfipsrsbly  less  than  the  €.f  i  e -stive  re-', 

{ 

sistance  of  the  coil  for  an  oscillating  component  of  a  pulse.  On  the  | 

other  hand,  the  reverse  resistance  of  a  diode  is  considerably  higher  j 

i 

|  than  the  coll  resistance  for  a  direct  component.  Therefore,  a.  change  I 

( 

! 

in  the  characteristics  of  a  semiconductor  device  in  time  and  tempera-  J 
tore  is  not  reflected  on  the  parameters  of  a  diode-transformer  circuit 
•This  explains  the  extremely  reliable  performance  of  the  semiconductor 


■  diodes  in  such  cirCTiiis# 

|  The  semiconductor  triodes  are  characterized  by  low  power  and 

arid  a  low  value  of  the  input  resistance  and  therefore  they. have  to 
operate  on  small  signals#  The  magnitude  of  the  signal  is  also  lirdtedj 
by  the  requirement  of  high-speed  operation  because  the  smaller  the 
signal  amplitude*  the  less  energy  is  absorbed  oy  the  spurious  cfipacib*" 

ances  and  inductances.  Consequently,  the 'smaller  the  magnitude  of  thej 

( 

signal  the  quicker  the  electric  circuit  is  damped.  A  decrease  in  the  t 

signal  amplitude  is  also  favorably  reflected  on  the  decrease  in  the  ■  j 

1 

power  supply.  •  j 

The  parameters  of  the  existing  point -contact  diodes  and  also  ] 
the  technically  feasible  and  economically  efficient  parameters  of  the  J 

•I 

transformers  with  ferrite  cores  are  such  that  there  is  a  possibility  ; 

i 

I 

of  operating  with  pulses  of  the  amplitude  of  2  *■  3  volts.  In  compar— 
is on  with  the  magnitude  of  the  signals  used  in  other  known  circuits 
this  is  several  timer,  less,  : 

POTENTIAirfias  OF  THE  LOGICAL  ELFMENT3 ,  All  logical  operations  j 
in  a  computer  can  be  realized  with  the  aid  of  three  basic  connectives*,  j 
OR,  AMD,  NOT.  let  us  cite  a  few  examples  of  the  cons truction  of  the  j 
counting  and  control  circuits  with  these  connectives.  j 

In  the  adder  circuit  diagram  with  three  inputs  (Figure  1)  the  J 
sum  a  is  formed  in  the  following  manner  t 

a—(x-hy- z)  ( xyz  -f  6), 


(i) 


j  ill  era  x,  y,  z  are  the  number  or  coman  coca  pulses  on  the  adder 
inputs , 

b  -  the  addition  of  tha  carry  pulse. 


The  carry  occurs  every  time  ’sken  the  following  relation  holds :  j 


~~  xy  -f-  yz  Jr  xi. 


(2) 


«  V  / 


Figure  I*  The  basic  diagram  of  an  adder  based  or 
the  logical  elements  OR*  AND  and  HOT 
with  the  predominant  use  of  the  logical 
elements  Oft* 
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The  input  pulses  arrive  at  the  circuit  AND  having  three  inputs ,  j 
the  circuit  OR  having  three  inputs  and  at  three  circuits  OR  with  two 
is  each* 


i 


The  circuit  AND  serds  a  pulse  to  the  am  output  only  if  there 
are  pulses  on  all  three  inputs*  Tm  transmission  of  the  pu3»*  is 
accomplished  throu#.  toe  circuit.  OH  with  two  iupuus.  Ta0  clTullt  0d 
with  three  inputs  transmits  the  pulses  V>  the  circuit  tfOT.  If  there 
,  is  a  pulse  only  on  one  of  the  input#  of  the  adder,  the  oirouit  m 
1  dees  not  inhibit  and.  the  pulse  passes  to  the  star,  output.  If  Tamest ; 
there  are  pulses  on  two  or  all  three  i***-.  then  the  carry  pulse  aP- 
|  p^ra  which  inhibits  the  passage  of  the  pulses  through  tnc  clrcvU 
i  HOT.  The  carry  pulses  are  sent  to  the  output  through  the 
AND  having  three  inputs  when  there  are  pulses  on  two  or  axl  th.  ee  un  j 
puts  of  the  adder.  The  distribution  of  the  pulses  appearing  on  two  j 
inputs  of  the  adder  to  the  three  inputs  of  the  circuit  is  accomplished' 

by  the  throe  circuits  Oh  deigned  for  two  inputs  each . 

An  adder  can  be  constructed  with  the  preponderan ce  of  those  j 
circuits  which  hare  the  hipest  technical  characteristics.  The  adder  | 
shorn  in  Figure  1  consists  chiefly  of  the  circuits  OR  and  thereby  it  j 
differs  from  the  other  known  system  where  circuits  AND  are  pcMr-  j 

t 

j 

I  n&ntly  used.  j 

I  logical  •eystea#  can  also  be  successfully  used  io.-  the  centra.,  j 

1  circuits.  Let  us  consider  one  of  the  possible  circuits  of  control  by  1 

mim  of  the  shift  register  Figure  2). 

If  m  the  accumulation  cell  H  with  a  delay  line  unity  is  set  up 

for  the  repetition  period  of  the  synchronising  pulses,  then  this  cell 
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reaains  in  the  energized  state  with  the  aid  of  the  synchronizing 


|  pulses.  Those  pulses  pass  through  the  circuit  NOT  and  arrive  at  one 

i 

of  the  inputs  of  the  middle  circuit  AND  the  second  input  of  which  is 
connected  with  the  output  of  the  memory  cell.  At  the  instant  of  the 


Figure  2.  The  basic  circuit  diagram  of  control 
by  means  of  a  shift  register  with  the 
aid  of  ‘the  logical  elements  OR*  AND 
and  NOT. 
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shift*  the  shifting  pulse  passes  through  the  circuit  OR  and'  inhibits  j 
the  passage  of  the  synchronizing  pulses  through  the  circuit  NOT.  At 
the  same  time,  zero  instead  of  unity  is  set  up  in  the  accumulation  J 
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coll  if  it  was  argils  d  &nu  t£  the  oelx  was  uot  enargi»6i  i,  .6r*  it  | 
remains  in  the  saae  state.  Depending  on  the  direction  in  which  the  ' 
shift  takas  place  -  right  or  left,  the  shifting  pulse  arrives  at  tbo 

Input  of  ill's  upper  or  lower  circuit  AND. 

The  recaption  of  the  code  is  accomplished  by  the  accumulation 
cell  from  the  (a  -  1)  cell  or  (n  *  1)  cell.  And  the  code  from  the  j 

I 

* 

n-th  accuatilation  cell  is  transmitted  to  ’the  (n  +•  1)  dr  (n  -  1)  j. 

i 

respectively.  After  the  termination  of  the  shifting  pulse,  the  iiMbitj 
is  removed  from  the  circuit  NOT  am  the  .synchronising  pulses  maintain  t 
the  new  state  of  the  accumulation,  cell.  The  circuit  OR  with  three  j 

t  f  ' 

inputs  plays  s»  auxiliary  role  and  serves  as  the  separation  stage.  j 
|  The  basic  circuit  diagram  of  a  computer  may  be  constructed  in  j 

j  3uch  s  manner  that  the  accumulation  cells  will  be  the  initial  and  (  j 

terminal  h«te  of  the  counting  and  controlling  circuits.  In  the  case  ! 
when  logical,  elements  with  small  losses  are  used,  the  accumulation  | 

cells  may  bo  given  the  functions  of  the  input  and  output  amplifiers,  j 

i 

tat  us  shew  this  by  the  example  of  an  adder.  j 

In  the  adder  shown  in  Figure  3,  transformers  with  ferrite  cores  j 
Oks liter  1*00  (Forrocart  U00)  and  semiconductor  diodes  DG-T&?  and  TT.-Ta8| 
are  used.  These  transformers  have  the  s&ne  number  of  turns  in  the 
P*iaary  and  secondary  colls.  An  oscillogram  of  the  electric  charac¬ 
teristics  of  a  diode^fcraus former  adder  confirms  that  the  accumulation 
cells  with  eeijai conductor  t3riod.es  can  handle  the  boso  complex  logical 
circuits  cf  computers.  The  effect  of  the  adder  on  the  input  circuits 
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is  insignificant,  the  transmission  coefficient  is  satisfactory  and 
the  s ign&l -to -inter f e renc e  ratio  on  the  output  of  the  adder  is  fc-iifj 
eiently  high. 

The  study  of  the  electric  circuit  of  the  adder  and  of  the 
oscillograms  of  the  signals  on  its  inputs  and  outputs  shows  that  th- 
died e -'brans former  circuits  make  it  possible  to  realise  the  logical 
elements  CE,  AND  and.  NOT  with  the  transmission  coefficient  of  about 
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Figure  3 


Electric  circuit  diagram  of  a  diode - 
transformer  adder  and  oscillo grains  of 
the  pulses  on  its  inputs  and  outputs » 
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As  the  theoretical  and  experimental  investigations  nave  sxiown, 

I  r  4  .*j  J 

j  the  optimum  value  of  the  controlling  pulse  amplitude  comprises  ^3 
volts «  pulses  of  smaller  amplitude  are  transmitted  with  a  larger  loss j 
than  the  pulses  of  optimum  amplitude.  This  makes  it  possible  to  re¬ 
duce  the  interference  in  a  diode-transformer  circuit  to  the  minimum 

i 

and  to  secure  a  sufficiently  high  quality  of  the  transmission  of  the  j 
useful  signals.  It  was  also  found  that  the  pulse  power  exper.de c  ?cr  I 
the  control  of  one  logical  element  does  not  exceed  one  milliwatt.  j 
Tims,  the  existing  high-frequency  germanium,  triodes  may  be  used  as  an  ;■ 
amplifier-transformer  even  in  a  parallel  computer.  Naturally,  the  j 
sendee ndcutor  triodeo  should,  be  used  -in  a  circuit  with  matching  trans-j 
formers  which  secures  a  hi#,  value  of  the  input  resistance  and  a  low  j 
value  of  the  output  resistance.  j 


LOGICAL  ELEMENT  «0R“.  Logical  elements  OR  my  be  widely  used 
in  the  construction  of  the  counting  and  controlling  circuits  intended 
for  different  purposes.  They  are  more  efficient  than  the  rest  of  the 
logical  elements.  For  example,  when  using  thee a  elements  the  process 
of  the  passage  of  the  pulses  is  not  accompanied  by  the  appearance  of 
interference  as  in  the  circuits  AND  and  NOT.  The  electronic  circuit 
performing  the  logical  operation  OR  is  essentially  a  combination 
1  circuit  with  n-inputs  (Figure  it).  A  pulse  appears  on  the  output 
of  this  circuit  every  time  when  there  is  a  pulse  on  one  of  its  inputs 
The  interaction  of  the  input  signals  is  eliminated  since  diodes  are 
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} 

|  serially  connected  with  all  inputs.  There  are  known  two  typf  s  of  tbs  j 

!  ' 

i  circuits  of  the  logical  elements  OH  with  semiconductor  devices i  diode- 

resistor-type  circuits  /“6JT  and  diode-trans former-type  circuits 

? 

Let  us  consider  their  advantages  and  shortcomings*  ' 


! 


5 

t 

i 


a  -  diode-resistor-type  circuit  j  b  -  diode-transformer 
type  circuit. 

(1)  -  Input 

(2)  -  Output 

(3)  -  b 


}  An  equivalent  circuit  of  the  diode-resistor -type  element  OR  will 

appear  as  shown  xn  Figure  5  a  (%  denotes  the  internal  resistance  of  i 

i 

the  diode).  The  intermediate  transmission  function  for  such  an  elec-  j 
trie  circuit  may  be  written  xn  tne.  following  manners  I 


*  ( 

Uout“"in  A'-}-  R; 


(r  1 1 


R  -  R; 


D  ~~  +  • 
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where 


'  1 


in  order  that  the  reactive  component  (the  factor  in  the  p&rer,-  . 
thesis)  not  reduce  in  a  substantial  manner  the  voltage  on  the  output,  j 


Pienre  5*  Equivalent  circuits  of  the  logical 

element  OR  for  the  case  of  Ran  Rg,j^s 

a  -  diode-resis  tor-type  circuit.*  b  -  diode -transformer- 

type  circuit* 


11  input 
u 


a) 

(?)  -  u  output 
(3)  -  b 


it  is  necessary  that  the  ratio  -g~s~  be  sufficiently  large  for  the  | 

|  instant  corresponding  to  the  maximum  value  of  the  pulse  amplitude.  If 
the  influence  of  the  spurious  capacitance  is  limited  to  1%,  then  it  la 

necessary  that  the  relation  be  valid. 

The  pulse  rise  time  ^  may  not  be  arbitrary  and  ic  determined 


|  jtjg  shape  ox  the  pol&es.  Pule®  duration  ir,.  is  determined  by  tlie  | 

|  minimum  pulse  repetition  time  %t% 

| 

i 

i  ,  s 

£J$*h  t  minutes .  i 

“li '  n  | 

| 

Assuming  that  the  operation  is  performed  by  triangular  pulses,  j 


we  Trill  obtain 


R  C4$#05  tn  mimrfces 


Thus,  for  the  repetition  rate  of  1000  kilocycle®  per  second, 
the  time  constant  most  not  exceed  0.0J>  microsecond®.  When  this  condi¬ 
tion  is  not  observed,  the  effect  of  spurious  capacitance  appreciably 
increases.  Therefore,  if  the  pulse  duration  amounts  to  parts  of  a 
microsecond j  the  resistance  R  in  the  diode -resistor-type  circuit  OR 
|  must  amount  to  thousands  of  ohms . 

j^t  us  analyze  now  the  effect  of  the  internal  resistance  ® 
eai conductor  diode  on  the  transmission  coefficient  of  the  diode-re- 
|  pietor-type  circuit  OR.  If  we  want  to  obtain  a  transmission  coeffi¬ 
cient  approaching,  unity,  i.e.  if  we  want  to  assure  the  observance  of 

the  relation  tj  &&V  ,  than  in  accordance  with  (3)  it  is  necessary 

out  in 

that  R,<fcR.  In  practice,  if  R^O.Ol  of  R  which  corresponds  to  a 


| small  magnitude  of  the  anode  voltage  drop,  then  the  transmission  co¬ 
efficient  will  be  very  close  to  unity. 

The  graph  represented  in  Figure  6  shows  that  when  the  anode 
*  voltage  of  the  diode  is  +1  volt,  the  internal  resistance  of  the  diode 


fluctuates  front  100  to  1000  clans  depending  on  fee  type  of  diode* 


I 

| 

Figure  6*  Internal  resistance  of  point-contact  i 

germanium  diodes  DG-Ts.  j 

(1)  -  Internal  resistance  j 

(2)  -  Ohms 

(3)  -  D0-Ts7 

(U)  -  wwpsb  : 

($)  -  Volts 

(6)  -  Anode  voltage  [ 


) 

Upon  the  drop  of  the  anode  voltage  to  +0,1  volts,  the  internal  j 
resistance  increases  tc  10,000  ohms  and  does  not  depend  on  the  type  of j 
the  diode.  After  substituting  in  the  expression  (3)  the  value  of  the  j 
internal  resistance  of  the  diode  obtained  from  the  graph,  it  is  not 
hard  to  note  that  the  diode-resistor  circuit  OR  is  characterised  by  a 
low  value  of  the  transmission  coefficient,  especially  when  operating 
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with  email  signals*  I 

Thr.s#  the  circuits  of  the  logical  elements  OR  examined  atom,  ^ 

urn*  operate  Witten*  tiers.  The  bias  suiting  1»“  «"  j 

age  of  the  rectified  current  through  the  resistance  E  also  lowre  tfc*  : 

,  transmission  coefficient.  Tharetoro,  i»  ««  counting  and  controlling  | 

circuits  coKtructed  with  iiode-rcsistor-type  loEical  elments,  it  j 

i  .  .  *  *  an*  ...f  4.V.*  circuits  OR  and.  replace  them  j 

is  necessary  to  restrict  the  we  -jt 

as-  far  as  passible  with  more  complex  eircuxtvs  AKD.  j 

|  j**  m  consider  the  operation  of  a  diode-trans former-type  cir-  J 

!:  cult  Of  the  logical  element  OR  under  no-load  conditions.  »  addition,  j 
[  let  us  assume. that  the  transformer  has  small  losses.  Thase  aswaup.  j 
tions  make  it  possible  to  disregard  the  effect  of  the  secondary  coil  j 
|  of  the  transformer  on  the  parameters  of  the  .primary  coil  and  conse-  j 
gently  to  replace  the  transformer  with  a  parallel  circuit  without  , 
^ses,  the  1  in  this  circuit  expressing  the  self  inductance  of  the  j 
;  pjrijnary  coil  ard  C  -  the  coil  capacitance  with  the  spurious  capaci-  j 
tance  taken  into  account.  As  is  known,  the  for.  of  the  transition  j 
function,  of  transmission  depends  in  the  case  of  a  parallel  circuit  on  j 

,  the  ratio  of  the  circuit  and  diode. parameters,  tfader  the  condition  j 

i 

i  AfZ  t,*,^******  atv?  pot  i-he  transforroattoa 

|  that  R*<W  h  the  process  10  aperiodic  au.,  -x  xna  * 

|  '  x  G 

ratio  equal  to  unity,  we  haves  . 


Win  (l 


e~bt), 


2k,C 


4  R':C'  10 


b= ike  +  ]/n 


<HiC‘  M 


\/T 

If  however ,  R  V  w  ,  then  the  process  becomes  osci!3  atory 


and  attenuating s 


^oaV"7jin ,  9 


A  c  **'•*'  sine J\ 


!  where 


/"  i"~~~  “1 

"]/  ~LC  . 4«p 


i 

Expressions  (a)  and  (5)  indicate  that  irith  a  definite  ratio 

j  ' 

|  of  the  circuit  and  diode  parameters ,  the  output,  voltage  cf  the  circuit 

i 

!  being  considered  may-  exceed  the  input  voltage  at  scs&e  ins  tent  of  tine.  . 

|  After  comparing  these  expressions  with  the  expression  (3),  we 

;  : 

{ascertain  that  the  diode  -transformer-type  circuits  can  trancait  the  ■: 

! 

pulses  better  than  the  dio de-reristor -type  circuits. 

i 

The  application  of  ferrite  cores  makes  it  posMble  to  create  ! 

■  transformers  possessing  resistance  which  secures  brans mission  coeflx~ 

!  oient  approaching  unity  for  the  diode-trvms  former-type  circuits  Oft* 
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,  ....  1 
|  An  example  of  the  serially  connected  circuits  OR  assembled  of  coupled  j 

j  circuits  and  semiconductor  components  In  shown  in  Figure  7.  Used  as  j 

j  coupled  circuits  are  toroidal  transformers  with  ferrite  cores  Qksifsr 

|  ItOO  (Farroc&rt  l+OO) »  The  number  of  turns  in  both  coils  is  the  same  ; 

and  consequently  the  transformation  ratio  amounts  to  unity.  Used  as  j 

the  semiconductor  components  are  the  point-contact  germanium  diodes  j 

j 

2G-Ts2«  In  the  left  portion  of  the  Figure  is  shown  a  circuit  in  which  j 
the  diodes  operate  to  increase  the  current  in  the  middle  circuit  -  the  j 
circuit  where  the  diodes  operate  for  the  reduction  of  the  current.  j  . 
Shewn  in  the  right,  portion  of  the  diagram  is  s.  chain  of  transformers  j 
without  intermediate ' diodes .  Each  electric  circuit  was  assembled  from, 
j identical  transformers  and  diodes.  j 

After  comparing  the  oscillograms  of  the  circuits  with  diodes  j 
and  the  circuit  without  diodes  (the  latter  can  be  likened  to  a  long  : 
line),  no  appreciable  difference  can  be  discovered  in  the  character  of  I 
the  passage  of  the  pulses. 

i  Thus,  the  results  of  the  experiment  confirm  the  feasibility  of  j 

creating  sufficiently  extensive  logical  circuits  OR  with  diodes  and  > 
transformers  and  having  a  transmission  ratio  approaching  unity.  A  j 
study  of  the  role  of  the  voltage  of  the  direct  current  supply  showed  j 

that  the  feed  current  serves  for  the  Mas  of  the  operating  point  ol  j 

the  diodes  and  performs  the  loading  functions  for  the  transformers* 
Therefore*  when  selecting  the  mode  of  the  power  snpply.it  should  be 
taken  into  consideration  that  it  depends  to  some  degree  on  the  repeti- 
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'  LOGICAl  EIIi'iSKT  !‘AND,!.  Iii  the  existing  computers,  the  must 

f 

|  widely  used  logical  elament  la  AND.  As  Is  known,  the  operation  A  NT) 

|  is  performed  by  the  electric  coincidence  circuit  (f-igse-e  '->)»  | 
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F  inure  8*  Electric  circuits  of  the  logical 
element  A!®. 

a  -  diode-rosistor-type  circuit;  b  -  diode- 
transformer -type  circui t* 

(1)  -  Input 

( 2)  -  Output 
...  b 


nei  on  the  output  of  such  a  circuit  appears  only  if  there  are  signals  j 

,  on  ail  of  its  inputa.  If  ho»«or,  the  tfcsmfe  «  ■><*•  «*  aU  ot 

the  circuit  inputs,  then  interference  develops  m  the  output.. 

There  exist  two  types  of  circuits  AHD  with  semiconductor  de~  j 
vices  s  dioderros  is  tor -type  circuits  £6j  and  diode-transformer-type 
j  circuits  /  l;^/  *  _ _ _ _ _ 


Wm**  ma**'"*]'’*-'  '  /vm 


21 


j  Tha  study  of  the  air suit  AND  with  germanium  diodes  and  rests b- 

I 

i  ors  shows  that  it  is  not  sufficiently  economical.  In  addition,  such 
circuits  cannot  operate  one  another  with  a  sufficiently  high  trans¬ 
mission  ratio.  This  is  explained  by  the  circumstance  that  the  input 

j 

resistance  must  be  considerably  lower  than  the  output  resistance  and  j 
the  output  resistance  which  would  be  sufficiently  high  with  respect  to  j 
the  absolute  magnitude  cannot  be  selected.  j 

The  magnitude  of  the  output  resistance  R&  is  limited  by  the 

i 

time  constant  *tr  of  the  output  circuit,  this  constant  having  to  cor-  | 

respond  to  the  inequality  during  normal  operation.  From  j 

i 

this,  the  value  of  the  resistance  is  defined  by  the  inequality;  | 


a  >  iC  , 


(6) 


where  0  is  the  capacitance  of  the  output  circuit;  i 

^  -  the  duration  of  the  operating  pulse.  : 

The  minimum  value  of  the  output  capacitance  3s  equal  to  tha  nvag-i 
nitude  of  the  spurious  capacitance.  Therefore,  similarly  to  the  cir-  j 
cult  OR,  the  resistance  must  amount  to  thousands  of  ohms  if  the  dur~; 
atlon  of  the  pulses  amounts  to  fractions  of  a  microsecond.  In  this  j 
case,  the  input  resistance  Rk  cannot  be  selected  arbitrarily.  In  erderj 
that  the  interference  on  the  output  of  tha  circuit  be  smaller  than  the 
signal,  it  is  necessary  to  comply  with  the  inequality  Rk<&ay 


i  The  maximum  interference  voltage  It,  ,  will  ^  in  the  case  rrhm  j 

|  the  signals  are  absent  on  only  one  of  the  inputs  of  the  exrcaix*  In  f 

i  , 

1  this-  in  the  absence  of  a  damping  diode  I>*  the  current  pissing  j 

| 

through  the  only  open  diode  increases  by  the  magnitude  ! 


Ll 


n 


(f!  —  1} 


(?) 


There  1„  is  the  current  passing  through  the  resistance  ha‘, 

0v 


n  ~  the  number  of  the  circuit  inputs.  ' 

\ 

i 

In  addition  to  this,  the  interference  voltage  w!13  be  equal  totj 

i 

i 

Ti,  ssTT  'hftP  4-  /?,)  ! 

where  is  the  diode  resistance  at  the  operating  point. 

Tgt  ys  assume  that  in  the  case  of  the  simultaneous  arrlvax  of 


I  the  signals  at  all  inputs,  the  signal  volts ge  on  the  output  of  the 
j  circuit  is  equal  to  *  %•  Then  for  the  maxtaua  value  of  the 

xiite- ’f ©renc e  we  will  obtain 


, ,  it  in  —  1)  {Ri  4-  R,x) 

U  n  — '  U  UMX 

?{&  gtftpfc  " 


J 


(9) 


a 


After  examining  a  simplified  circuit,  we  assume  that  the  rote 
of  the  damping  diode  D  consists  of  a  supplementary  reduction  in  the 
I  value  of  the  input  resistance  of  the  circuit  at  the  instants  Oi  anti 
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j  coincidence*  .‘Thus*  the  interXeranca  is  the  smaller,  tae  ;.oi>er  the 

input  resistance  of  the  circuit  compared  to  the  output  re  detunes* 

j  Consequently*  these  circuits  cannot  operate  for  one  cnoti  r  witnout 
I 

i  considerable  damping.  ; 

|  o  ; 

I  In  the  diodo-tran of  oraier-type  circuit  shown  in  Fig  xe  3  b,  the] 

'  ! 

transformer  may  be  regarded  as  a  parallel  circuit  the  m&f  ‘At tides  of  j 
the  inductance,  resistance  and  capacitance  of  which  are  c  termined  | 
by  the  inherent  parameters  of  the  transformer.  The  advantage  of  the  j 

i 

transformer  is  chat  the  diode ■ -transformer  circuits  AND  can  operate  ; 

* 
i 

sufficiently  efficiently  for  one  another.  j 

For  the  purpose  o?  determining  the  advantages  and  shortcomings  j 

! 

of  the  diode -transformer -type  circuits  AND,  three  basic  circuits  de~  j 
noted  conditionally  by  symbols  A,  B  and  C  were  investigated.  In.  the;: 

i 

circuit  A,  the  logical  operation  is  accomplished  with  the  aid  of 
diodes  which  operate  as  keys  while  the  transformer  is  used  only  as 
an  output  circuit.  In  the  circuit  B,  the  logical  operation  aND  i° 
performed  by  the  transformers  and  the  diodes  play  an  auxiliary  part 
by  performing  the  functions  of  separation  circuits.  In  the  circuit 
B,  both  tlio  diodes  and  the  transformers  take  part  in  the  logic..u. 
operation. 

The  basic  parameter  of  the  logical  circuits  AMD  is  the  ratio 
of  the  signal  to  interference.  In  the  final  analysis,  the  operation- j 
al  stability  of  the  logical  circuits  depends  on  this  ratio.  There 
exist  two  basic  methods  for  improving  the  signal-to-interference 


-1. 


ratios  limiting  the  interference  and  suppression  of  the  interference,  j 
In  the  former  ease  the  limiting  voltage  is  connected  to  the 
limiting  diode  in  series  with  the  signal  voltage,  the  phases  of  both 
voltages  having  to  be  shifted  by  180°  and  Hie  magnitude  of  the  limit- 
Sag  voltage  having  to  correspond  to  the  interference  amplitude.  This  j 

constitutes  the  principal  drawback  of  this  atetuod.  j 

The  s  econd  method  provides  for  the  parallel  connection  o*  the  i 
signal  output  and  the  resistance  of  the  damping  diode, the  magnitude  j 
of  the  resistance  being  lor  for  weak  signals  and  high  for  the  large  j 
signals.  It  is  assumed  that  the  interference  is  weaker  with  respect  j 
to  power  than  the  signals.  For  the  circuits  A®  operating  on  the  | 
principle  of  the  signal  coincidence  this  condition  always  corresponds  j 
to  the  actual  conditions  since  the  outputs  are  added  at  the  instant  j 

of  the  coincidence,  j 

The  essence  of  the  interference  suppression  method  consists  of  ; 

the  following.  The  anode  voltage  of  the  diode  Xfa  is  laid  off  on  the  ; 

operating  characteristic  of  the  damping  diode  (Figure  9)  along  the  j 

X-axis,  and  along  the  Y-axis  -  the  internal  resistance  of  the  diode  j 

Bj „  shown  below,  is  the  pulse  acting  on  the  cathode  of  the  diode  V  j 

The  damping  diode  uses  up  the  pulse  power  until  the  pulse  voltage  Ua  j 

increases  to  the  magnitude  at  which  the  internal  resistance  of  the 

diode  heads  in  the  direction  of  an  infinitely  large  magnitude. 

Meant  by  the  infinity  in.  this  case  is  the  tenfold  excess  of  the  input 

resistance  of  the  circuit  for  which  the  circuit  with  the  duping  diode 
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to  the 


} 

'  operates. 

f 

i  time  t,. 

I  t 


diode  ch« 
pressed  i 
diode  ant: 


"  The  power  used  by  the  damping  diode  is  proportional 
during  ishicii  the  ma&altadc  of  the  internal  xesi.st'.ne':  of  the 


Figure 


9. 


Graph  for  the  calculation  of  the  power 
absorbed  by  the  damping  oi.oce. 


■  uges  .from,  a  finite  value  to  infinity.  This  time  may  be  ex- 
iii  terms  of  the  parameters  of  the  operating  conditions  of  the 
l  in  terms  of  the  pulse  parameters? 


(10) 


!  where  '?.*  is  tho  duration  of  the  forward  pul.se  front, 

vT* 

i  t 

I  Thus,  the  larger  the  pulse  amplitude,  the  smaller  the  power 

!  i 

I  absorbed  by  the  dsaipine.  diode.  Consequently,  a  damping  diode  repre- 

t  '  \ 

t  sants  a  large  load  for  small  pulses  and  a  small  load  for  large  pulses* 

’  ! 

This  is  explained  by  the  circumstance  that  in  the  case  of  a  small  j 

| 

pulse,  the  time  during  which  the  internal  resistance  of  the  diode  has  j 

a  small  magnitude,  is  longer  than  in  the  case  of  a  pulse  of  the  same  1 

shape  but  larger  amplitude.  In  a  number  of  cases  the  useful  signal  j 

and  interference  are  equal  with  respect  to  amplitude  but  the  internal  . 

resistance  of  the  equivalent  interference  generator  is  greater  than  j 

that  of  the  signal.  This  is  valid  for  coincidence  circuits.  At  the  j 

same  time,  the  damping  diode  sharply  reduces  the  interference  ampli-  j 

! 

tube  since  the  ratio  of  the  internal  resistance  of  the  diode  to  the  j 

i 

sum  of  the  resistances  of  the  equivalent  generator  and  diode  will  be 
considerably  smaller  for  the  interference  than  for  the  signal.  As  the • 
result,  the  problem  is  reduced  to  the  case  of  small  amplitude  ana  con- , 
secjuantly  to  a  continuous  connection  of  the  lead  to  the  source  of  the  ; 

interference.  j 

The  electric  circuit  used  for  the  study  of  the  logical  element  : 

i 

4N0  constructed  according  to  the  circuit  diagram  A  (Figure  10)  may  be  • 

1 

identified  with  the  logical  circuit  OR-AND-OR.  Placed  on. the  output  j 

| 

of  the  circuit  for  the  load  is  diode  D«  Used  as  the  coupled  circuits  j 
are  toroidal  transformers  with  ferrite  cores  Oksifer  iiQO  (Perrocart 
I  poo)  and  having  an  equal  number  of  turns  in  the  primary  and  secondary 
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Figure  10.  The  circuit  diagram  of  the  logical 
element  AND  and  the  oscillograms  of 
the  pulses  on  the  input .5  and  on  «<he 
output. 


The  oscillogram  shown  in  figure  10  gives  the  results  of  the  , 
measurements  in  the  case  when  germanium  diodes  D0-Ts8  are  used.  The  | 
power  obtained  from  the  direct-current  source  comprises  about  0,5  »U-| 
liwolts  (the  voltage  Ea*0„3  volte  j  the  current  is  1.5  miniamperes) .  | 

The  voltage  of  the  direct  current  power  supply  for  the  damping  diode  j 
S  also  amounts  to  about  0.3  volts  with  the  current  of  1.5  oilLiampersj 
The  examination  of  the  oscillogram  shows  that  the  transmission 
ratio  of  the  circuit  A13D  is  close  to  unity  and  the  magnitude  of  the 
signal-to-interforence  ratio  is  satisfactory.  'The  enti -coincidence 


1  pulses  on  the  input  it  this  circuit  undergo  larger  distortions  than 

|  the  coincidence  pulses  since  in  the  circuit  a,  in  audition  uo  «he  lo«d 
■  \ 

for  the  damping  diode  3)g,  the  anti-coincidence  pulse  is  grounded  by  | 

the  diode  %  or  »2  at  which  the  pulse  does  not  arrive  at  this  instant  ; 

of  time#  ! 

Th©  diode -transformer -type  circuit  A  in  which  the  logical  oper- | 

J  i 

ation  AND  is  accomplished  with  the  aid  of  the  diodes  %  and  Dg  while  ' 
the  transformer  t  performs  the  functions  of  the  output  circuit,,  has  j 

sufficiently  good  electric  characteristics  and  ic  convenient  to  oe~  | 

sign.  For  example ,  a  circuit  with  three  inputs  is  created  by  the  ! 

addition  of  only  one  input  diode.  In  this  case  it  is  necessary  to 
|  piece  damping  diodes  at  each  input  of  the  circuit  AND  (see  Figure  3}.  j 
j  Kov?ever,  because,  the  anti-coincidence  pulses  are  subjected  to  a  heavier 
j  load  and  consequently  become  distorted,  the  circuit  A  camot  be  racog- 
j  jilted  as  being  economical  when  operating  with  the  signals  of  large  , 

amplitude*  It  may  prove  to  be  efficient  for  small  signals  since  in  ! 

j this  case  the  semiconductor  diodes  have  high  resistance  and  conse-  , 
ouently  their  effect  on  the  anti-coincidence  pulses  will  be  msigniXi- j 


t  CttlTt?  fr 


for  the  construction  of  the  electric  circuit  with  which  the 
investigations  of  the  logical  element  AND  assembled  according  to  the 
circuit  diagram  B  (Figure  11)  were  conducted,  the  same  transformers 
and  diodes  were  used  as  in.  the  preceding  case.  The  study  of  the  oscil 
lo grams  shows  that  here  a  transmission  ratio  approaching  unity  may  also 


29 


■  be*  obtained  when  the  value  of  the  signal -to-interfereuoe  ratio  is 

j 

j  sufficiently  high.  Unlike  the  sir  suit  A,  the  coincidence.,  i«e*  the 
{  operating  pulses  are  loaded  in  the  circuit  under  consideration.,  which 
is  normal .  The  circuit  is  comparatively  economical:  the  purer  of  the 
damping  diode  direct  currant  comprises  abort  0*2  millivolts,  the  volt¬ 
age  is  0*3  volts,  the  current  -  0#?  miliiarnperes • 
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Figure  11.  Circuit  diagram.  3  of  the  logical  element 
AND  and  the  oscillogramo  of  the  pulses  on 
the  inputs  and  on  the  output. 

(1)  -  Input 

( 2)  -  Output 

Thus,  the  diode -transformer  circuit  of  the  B  type  has  suffi¬ 
ciently  exact  electric  characteristics.  Horever,  since  one  of  the 
transformers  of  the  circuit  AND  represents  a  load  for  the  other,  this 
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circuit  is  acre  complex  than  circuit  k  with  respect  to  the  design  and  j 
technology;  The  conditions  of  grounding  the  secondary  windings  are  * 
substantially  different*  the  upper  transformer  Is  grounded  through  the 
winding  of  the  lower  transformer.  The  core  of  the  transformer  on  the 
other  hand,  has  a  leakage  to  the  ground  through  the  distributed  capae-j 
itance  of  the  winding  which  is  to  some  degree  equivalent  to  the  grey¬ 
ing  of  the  transformer  at  midpoint*  Therefore,  upon  the  simultaneous  j 
appearance  of  the  pulses  on  the  serially  connected  secondary  windings, | 
the  upper  pulse  partially  compensates  the  lower  pulse.  Therefore,  tne, 

I  aggregate  pulse  is  smaller  than  the  double  amplitude  of  the  prices  j 

acting  at  a  different  time.  '  ' 

Let  us  examine,  finally,  the  circuit  C  (Figure  12)  in  which 

the  same  transformers  and.  diodes  are  used  as  in  the  first  two  circuit. 

passing  through  the  diode,  the  pulse  arrives  at  one  of  the  poles  of  j 

the  input  winding  of  the  transformer  and  another  pulse  is  simulta-  j 

neons ly  inverted  by  180°  by  one  of  the  input  transformers  and  after  j 

j  passing  through  the  diode  arrives  at  the  second  pole  of  the  winding,  j 

|  tlpon  the  coincidence  of  the  pulses,  the  transformer  proves  to 

,  be  connected  by  both  poles  to  the  pulse  sources,  and  in  the  case  of 

anti-coincidence  the  transformer  is  connected  to  the  pulse  source  by 

j  only  one  input  pole.  The  second  input  pole  of  the  transformer  is 

1  grounded  through  the  second  diode  of  the  circuit  and  the  output  wind- 

j  mg  of  the  second  input  transformer.  Like  the  preceding  circuit,  this 

i  circuit  does  not  require  direct-current  supply  for  its  operation. 

1  _ 
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Figure  12*  CarcuS  t  diagram  0  of  th«  logical  element 


AND  ar.d  the  oscillograms  of  the  pulses 
on.  the  inputs  and  on  thr*  output 


(1)  -  Inpul 
(?)  •-  Output 


Uie  studj  of  the  oscillograms  shows  that  the.  circuit  weakly 
loads  the  input  signals.  The  transmission  ratio  of  this  circuit  is 
also  close  to  unity.  The  si  gusl-to -inter  fererce  ratio  lor  this  cir¬ 
cuit  is  considerably  batter  than  for  the  circuit;-  considered  abeve, 

With  respect  to  the  economy  of  the  power  supply j  this  circuit  does  not 
differ  from  the  circuit  B»  Gv/ing  to  the  nonlinearity  of  the  volt- 

1  ampere  characteristic  of  the  diodes,  tne  conditions  of  the  transmission 

1 

(of  an  anti-coincidence  pulse  are  always  poorer  than  in  the  case  of  the 


32 


t  coincidence  pulses .  Therefore  this  circuit  is  the  most  suitable  one 
for  the  creation  of  the  highly  economical  typo  AND  circuits. 


LOGICAL  ELEMENT  NOT.  The  logical  operation  NOT  is  performed  | 
by  the  electronic  anti-coincidence  circuit  which  has  an  input  for  toe  ; 
signal  and  an  input  for  its  inhibit.  The  circuit  operates  in  the  fol-j 
lowing  manner.  While  there  is  no  negating  pulse  on  the  inhibit  input, j 
the  pulse  appearing  on  the  signal  input  passes  to  the  output  of  the  | 

circuit.  If  however,  simultaneously  with  the  arrival  of  a  pulse  cn  j 

the  signal  input,  a  pulse  reaches  the  inhioit  input,  then  no  signal  j 
appears  on  the  output.  Thus,  upon  the  addition  of  the  inhibit  xnpa*  j 
;  to  any  circuit.  OR  or  AND,  this  circuit  is  transformed  into  circuit  j 
NOT.  As  soon  as  the  negating  pulse  appears,  the  passage  of  the  sig-  j 
nals  to  the  output  of  the  circuit  is  discontinued.  ; 

The  diode-resistor-type  circuit  NOT  shown  in  figure  Ip  a  C^J  ; 
is  considerably  more  complicated  with  respect  to  electricity  than  the  j 
similar  circuits  OR  or  AND.  The  signal  which  is  to  be  inhibited  is  | 
first  delayed  for  a  time  equal  to  one  fourth  of  the  pulse  duration.  j 
On  the  other  hand,  the  negating  pulse  may  pass  through  the  delay  line  j 
for  a  time  equal  to  one  half  of  the  pulse  duration  but  may  .also  clear  j 
the  delay  line.  As  the  result  of  this,  the  negating  pulse  arrives  at  j 
the  inhibit  input  of  the  circuit  NOT  before  the  signs!  pulse  and  con-  j 

tissues  longer. 
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Figure  13.  Electric  circuits  of  the  logical 

element  NOT; 

a  ~  diode~resistoi*«typ3  cir  cuit ;  b  -  diode  trens- 
former-typa  circuit  with  an  oscillogram  of  the  sig 
nals  on  the  inputs  and  on  the  output. 


(1)  -  Inhibit  input 
(  2)  -  Signal  input 


(ii)  -  Input 
(5)  -  b 


******** 
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When  the  input  pulses  are  absent  the  signal  input  is  connected  | 

:  through  the  diode  ])■■>.  to  the  negative  pole  of  the  power  supply  and  the  I 

:  t 

i 

•diode  Bj  keeps  the  output  of'  the  circuit  belcm  the.  ground  potential.  | 

Diodes  Q..  and  9„  are  connected  through,  the  transformer  to  the  positive  : 
1,  £ 

1  | 

S  pole  of  the  power  supply.  If  the  voltage  on  the  signal  input  .becomes  j 

...  i 

positive  as  the  result  of  the  arrival  of  the  pulse  and  the  negating 

pulse  is  absent  on  the  inhibit  input,  then  diode  is  cut  off  and  the  j 

output  voltage  begins  to  rise  until  it  is  balanced  and  limited  by  the  | 

j 

positive  potential  to  'which  the  diodes  30^  and  I h  are  connected*  If  j 

i 

:  however*  there  is  a  negation  pulse  on  the  inhibit  input*  then,  having  ; 

been  Inverted  by  the  transformer  by  180°,  it  serves  as  the  power  s\ip~  j 

ply  of  negative  polarity  for  the  diodes  and  Bg*  Cmd.Bg  to  this* 

‘when  the  newer  of  the  negation  pulse  is  sufficient,  diode  Di,  continues ! 

J*  '  | 
i  i 

to  conduct  the  current  regardless  of  the  presence  of  a  pulse  on  the  • 
signal  input,  ; 

i  The  diode -transformer  circuit  of  the  logical  element  NOT  /  5  7  ; 

shown  in  Figure  13  differs  little  from  the  circuit  B . considered  above. J 
[  The  difference  is  that  the  secondary  windings  of  the  transformers  are  ; 

'  I  1 

1  connected  In  the  opposing  fashion  and  not  in  secies*  and  the  damping  j 

r 

1 

j  diode  D.y  is  connected  to  the  middle  point  of  the  circuit  and  not  to  j 

;  69  j 

|  the  upper  one.  The  opposing  coils  make  it  possible  to  compensate  the  j 

operating;  signal  by  the  inhibit  signal.  The  damping  diode  connected  j 

1 

to  the  middle  point  keeps  one  pole  of  the  output  coil  of  the  signal  j 
transformer  below  the  ground  potential  while  there  is  no  negation  { 


JWfifU/X f* 
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pulse*  Upon  the  ^rrit'al  of  the  pulse  diode  D  ,  ant ona totally  switches  j 

“  i 

this  pole,  to  the  output  of  the  inhibit  transformer.  For  s.  reliable  j 
compensation  of  the  signal,  the  pulse  in  the  output  winding  of  the  j 

f 

inhibit  .transformer  must  be*  somewhat  larger  than  the  pulse  amplitude  ! 

in  the  output  winding  of  the  signal  traps former.  This  is  achieved  j 

j 

by  using  a  transformation  ratio  larger  than  unity. 

With  respect  to  the  ele  egric  features  tha  circuit  MOT  is  not  as* 

j 

good  as  the  diode-trans former-type  circuits  of  the  other  logical.  ele~  j 

manta.  The  transmission  ratio  conies  out  to  be  somewhat  lees  than  j 

unity.  The  circuit  is  sensitive  tc  phase  relationships.  A  necessary  j 

i 

condition  of  its  operation  is  that  the  inhibit  pulse  must  arrive  some-j 

....  I 

what  earlier  than  the  signal  pulse.  However,  the-  technical  and  econ-  i 

t 

* 

omio  characteristics  of  the  transformer  circuit  NOT  are  considerably  » 

j 

higher  than  in  a  similar  circuit  with  a  transformer  and  resistors  | 
(Figure  13  a)  inasmuch  as  all  the  advantages  of  the  diode  -transformer  * 
circuits  over  the  diode -resistor-type  circuits  remain  in  tore?.  j 


ACCUMULATION  CELL.  The  remarkable  property  of  the  diode -brans -j 

I 

i 

former  logical  elements  (to  transmit  with  small  losses  the  signals  j 
representing  the  number  or  oomaand  codes)  make:;  it  possible  to  create  . 

j 

efficient  accumulation  cells.  When  constructing  cells  with  a  semi-  j 

i 

conductor  trio da,  it  is  expedient  to  use  a  delay  line.  In  such  a 
circuit  the  triode  is  intended  chiefly  for  the  compensation  of  damp- 

f 

ing  in  the  delay  line  and  for  making  up  the  small  power  losses  in  the  J 
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|  circuits  of  .the  logical  elements.  Such  a  circuit  oi  the  accumulation 
j  call  is  mere  efficient  that  the  other  known  circuits  as  for  sample  j 

the  switching  circuits  utilising  the  drooping  region  of  the  volt-  j 

ampere  characteristic  or  the  dynamic  trigger  circuits  with  memory  | 

1 

cape  oitors  ♦  i 

mm  using  a  delay  line,  no  special  requirements  are  demanded 

with,  respect  to  the  duration  of  the  input  signals,  their  amplitude 
etc,  which  is  characteristic  of  the  cases  in  which  a  reservoir  eap- 
;  aeitor  or  N-type  characteristic  are  used.  Since  a  stoiuge  ce-1  o&a 
;  be  used  as  an  amplifier  of  low  power,  the  semiconductor  triede  should 
j  be  used  in  a  circuit  which  provides  a  hi#  input  resistance, 
j  fhs  structural  diagram  of  a  storage  cell  (Figure  lU)  has  three 

I  inputs  j  for  the  synchronising  pulses  SI,  for  the  aero  setting  pulse 
!  vn  and  for  the  unity  setting  pulse  Tr  The  storage  cell  consists  of 

I  ■*'0 
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figure  D-u  The  basic  diagram  of  a  storage  cell. 
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.pnt  logica  l,  elements  NOl  aiid  OK.  •jpe.-atj.rg  for  i.tp  logical  eren.ani 

■  AND  which  it,  its  torn  operates;  for  the  amplifier  t.  There  is  v  faed- 

i 

■  took  from  the  a*:ip\vL  through  the  delay  lira  1.2  to  thd  injvjrfc  j 

!  "  I 

circuit  OH.  j 

l 

Th3  & yne  Vxvsing  pair.es  serve  for  the  reshaping  of  tho  iuput*  j 

i 

signrl^  ia  tine,  for  thin  purpose,  the  delay  line  is  Belated  lor  a  , 

1  time  somewhat  shorter  than  trie  repetition  time  of  the  eyncare.iising  ! 

[  pulses »  i 

|  <  i 

|  The  zero  retiirr-  signal  is  sent  everv  tii«e  uhsa  it  is  necessary | 

!  '  i 

|  to  store  now  data.  It  serves  for  the  erasure  of  the-  information,  rtor-j 

|  eel  in  the;  cell  by  blocking  the  delay  line  output  from  it?  input*  j 

\  After  an.  appropriate  signal  has  been  sent  to  the  unity  setting 

! 

|  input,  the  electric  circuit  begins  to  operate  as  a  pulse  gen»  rator 
!  until  new  information  is  presented. 


Thus,  the  syst'^ns  of  ole  electronic  autona tic  oouipmont  in  a 
high-speed  computer  can  cc  c-'»;strr-che-t  entirely  of  earn?. conductor  ic- 
|  vices  of  the  exist inp  typos  when  pulse  transferor rn  aith  fenitc  coroe 
are  used.  The  most  complex  electronic  circuits  of  &  computer  can  be 
assembled  in.  the  main  fi’-oni  diode**tTans.,.oriuer— type  oi.eiastx^s  u  .1 1; .  a 
miniHasm  uso  of  the  amplifiers.  Therefore,  such  systems  are  character¬ 
ised  by  high  economy,  high  reliability  and  simplicity  of  operation. 
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